ABSTRACT Redbay ambrosia beetle, Xyleborus glabratus Eichhoff, is an exotic wood borer and the primary vector of Raffaelea lauricola, a symbiotic fungus that causes laurel wilt. This lethal disease has decimated native redbay [Persea borbonia (L.) Sprengel] and swampbay [Persea palustris (Rafinesque) Sargent] throughout southeastern U.S. forests, and currently threatens avocado (Persea americana Miller) in Florida. To curtail the spread of laurel wilt, effective attractants are needed for early detection of the vector. Phoebe oil lures were the best known attractant for X. glabratus, but they are no longer available. The current detection system uses manuka oil lures, but previous research indicated that manuka lures have a short field life in Florida. Recently, cubeb oil was identified as a new attractant for X. glabratus, and cubeb bubble lures are now available commercially. This study compared trapping efficacy and field longevity of cubeb and manuka lures with phoebe lures that had been in storage since 2010 over a 12-wk period in south Florida. In addition, terpenoid emissions were quantified from cubeb and manuka lures aged outdoors for 12 wk. Captures were comparable with all three lures for 3 wk, but by 4 wk, captures with manuka were significantly less. Equivalent captures were obtained with cubeb and phoebe lures for 7 wk, but captures with cubeb were significantly greater from 8 to 12 wk. Our results indicate that cubeb bubble lures are the most effective tool currently available for detection of X. glabratus, with a field life of 3 months due to extended low release of attractive sesquiterpenes, primarily a-copaene and a-cubebene.
Introduction
The redbay ambrosia beetle, Xyleborus glabratus Eichhoff (Coleoptera: Curculionidae: Scolytinae), is an invasive wood borer and the primary vector of a pathogenic fungus that causes laurel wilt . Initially detected in 2002 in Port Wentworth, GA (Rabaglia et al. 2006) , X. glabratus has since spread to become well established in forests of the southeastern United States, currently found in $120 counties within seven states (U.S. Department of Agriculture-Forest Service [USDA-FS] 2014). Characteristic of ambrosia beetles, females of X. glabratus inoculate hosts with spores of their fungal symbionts; the fungi proliferate within the galleries and provide food for larvae and adults. However, the predominant symbiont of X. glabratus, Raffaelea lauricola T. C. Harrington, Fraedrich & Aghayeva (Ophiostamatales: Ophiostomataceae) (Harrington et al. , 2010 , induces a lethal vascular disease in susceptible hosts, all New World species within the family Lauraceae. Hosts recognize the fungus as foreign (by mechanisms yet unknown) and initiate a defensive response, including secretion of resins and formation of tyloses within xylems vessels, which results in systemic wilt and ultimately tree death (recently reviewed by Kendra et al. 2013a , Hughes et al. 2015 .
Ecological impact has been most severe on native Persea populations, initially affecting redbay [Persea borbonia (L.) Sprengel] and swampbay [Persea palustris (Rafinesque) Sargent] along the Atlantic coastal plain ), but more recently affecting silkbay (Persea humilis Nash) in dry scrub habitats of south-central Florida (Kendra et al. 2012a) . Economically, laurel wilt poses a serious threat to avocado (Persea americana Miller) in Florida (Mayfield et al. 2008b , an industry that provides US$23.5 million in sales annually for the state (U.S. Department of Agriculture-Economic Research Service [USDA-ERS] 2013 ). Laurel wilt has been established in the production areas of Miami-Dade County since 2012 (Florida Department of Agriculture and Consumer Services [FDACS] 2012), resulting in removal of >6,000 avocado trees from commercial groves as of October 2014 (D. Pybas, Florida Avocado Administrative Committee; personal communication). Surprisingly, despite extensive trapping efforts over the past two years, only six individuals of X. glabratus have been captured in or near commercial avocado groves (D. Carrillo, University of Florida; personal communication) . Because multiple species of ambrosia beetle breed sympatrically within trees afflicted with laurel wilt , Carrillo et al. 2012 , lateral transfer of R. lauricola to native beetles is known to occur (Carrillo et al. 2014 ), but it is not yet clear if, or to what extent, these additional species contribute to the spread of laurel wilt in agricultural or forest ecosystems.
A critical component for management of laurel wilt is an effective tool for early detection of the vector, which can prompt protective measures. Although chemical insecticides have limited effectiveness in deterring boring by X. glabratus (Peña et al. 2011 , macroinfusion of hosts with systemic fungicides (e.g., propiconazole) has been shown to confer resistance against colonization by R. lauricola in both redbay (Mayfield et al. 2008a ) and avocado (Ploetz et al. 2011 ). However, due to costs, the need for repeated applications (8-to 12-month efficacy), and difficulties with wide-scale implementation, fungicides will likely be feasible only as localized treatments in portions of commercial avocado groves. Early vector detection is imperative to initiate this action, as the infusions into flare roots must be done prophylactically; trees already symptomatic for laurel wilt have nonfunctional xylem vessels and are unable to uptake soluble fungicides. Macroinfusion with propiconazole is currently being used to protect the National Germplasm Repository for avocado, $250 accessions, located in Miami (U.S. Department of Agriculture-Agricultural Research Service [USDA-ARS], Subtropical Horticulture Research Station).
In the absence of species-specific pheromones for X. glabratus, development of effective lures will depend on an understanding of the kairomones used by dispersing females for host location. Unlike typical ambrosia beetles, X. glabratus functions as a primary colonizer of trees in the United States . It is not attracted to ethanol , Kendra et al. 2014b ), a chemical cue for stressed and dying trees, which serves as the standard lure for other ambrosia beetle pests (Miller and Rabaglia 2009 ). Rather, volatiles from (nonstressed) host wood are the principal semiochemicals attractive to females , Hanula and Sullivan 2008 . The current hypothesis is that X. glabratus detects, via antennal olfactory receptors, a mixture of terpenoid compounds in which a-copaene functions as a key long-range attractant (Hanula and Sullivan 2008; Niogret et al. 2011a; Kendra et al. 2011a Kendra et al. , 2012c Kendra et al. , 2013b . A recent comparative study (Kendra et al. 2014a ) examined nine species within the Lauraceae (including avocado cultivars representative of each botanical race) to determine relative attraction and boring preferences of X. glabratus, as related to host terpenoid emissions. In addition to a-copaene, emissions of three other sesquiterpenes (a-cubebene, a-humulene, and calamenene) were positively correlated with attraction of females (Kendra et al. 2014a) . Independent research also identified eucalyptol (1,8 cineole; a monoterpene ether) as an attractant (Leege and Schmidt 2009, Kuhns et al. 2014a) , and olfactory chemoreception of these host terpenoids has been confirmed in X. glabratus using electrophysiological techniques (Kendra et al. 2012a (Kendra et al. , 2014a .
Although significant progress has been made toward identification of specific chemical attractants for X. glabratus, development of economical field lures has relied on use of natural essential oils high in attractive sesquiterpenes. Initial research (based on known attractants for emerald ash borer, Agrilus planipennis Fairmaire, Crook et al. 2008) found that manuka oil and phoebe oil (extracts from Leptospermum scoparium J. R. & G. Forst, Myrtaceae, and Phoebe porosa (Nees & Martius) Mez, Lauraceae, respectively) were attractive baits for X. glabratus (Hanula and Sullivan 2008) . Subsequent studies with commercial formulations found that manuka lures were not competitive with host Persea wood ) and had limited longevity (2-3 wk) due to rapid loss of terpenoids (Kendra et al. , 2012c Hanula et al. 2013) . In contrast, phoebe lures had sustained release of sesquiterpenes and were effective for detection of X. glabratus for 10-12 wk (Kendra et al. , 2012c . Unfortunately, phoebe lures are no longer available, so the standard detection system currently consists of manuka lures deployed in Lindgren multifunnel traps (Lindgren 1983 , CISEH 2010 , Hughes et al. 2014 .
The short field life of manuka lures prompted research to identify an improved field attractant for X. glabratus. In a systematic evaluation of seven plantderived essential oils, whole cubeb oil-obtained from berries of tailed pepper, Piper cubeba L. (Piperaceae)-was identified as a new attractant for X. glabratus (Kendra et. al. 2013a (Kendra et. al. , 2014b . Subsequent tests showed that a commercially available cubeb lure (bubble lure containing a proprietary distilled cubeb oil product enriched in sesquiterpenes; Synergy Semiochemicals Corp., Burnaby, BC, Canada) captured more X. glabratus than the commercial manuka lure and had longevity of at least 8 wk (Hanula et al. 2013 , Kendra et al. 2014b ). This current report presents research that further evaluated efficacy of the new cubeb bubble lure. Specifically, we conducted 1) a 12-wk field test in south Florida to compare attraction and longevity of cubeb, phoebe, and manuka oil lures; 2) a series of field cage bioassays using releases of known numbers of beetles to estimate capture efficiency of cubeb and manuka lures; and 3) volatile collections followed by gas chromatography-mass spectroscopy (GC-MS) to quantify terpenoid emissions from cubeb and manuka lures aged in the field for 12 wk. Terpenoids of interest included the four sesquiterpenes correlated with host attraction in our previous studies (a-copaene, a-cubebene, a-humulene, and calamenene, Kendra et al. 2014a ) as well as eucalyptol (Leege and Schmidt 2009, Kuhns et al. 2014a ).
Materials and Methods
Traps and Lures. Test lures consisted of three commercial formulations obtained from Synergy Semiochemicals Corp. (Burnaby, BC, Canada). Cubeb bubble lures contained 2 ml of distilled oil in a 29-mm-diameter plastic bubble dispenser. Manuka and phoebe lures each contained a 7.5-by 12.5-cm rectangular cellulose card soaked in 4 ml whole oil and sealed in a plastic pouch. The phoebe lures used for this study had been in cold storage since 2010, but were included to provide a standard for comparison, as phoebe oil is the best attractant documented thus far for X. glabratus. Traps were assembled from two white sticky panels (23 by 28 cm, Sentry wing trap bottoms; Great Lakes IPM, Vestaburg, MI), stapled back-toback along the upper edge, and hung from the end of an S-shaped wire hook. The panels were secured further with small binder clips along the lower edge. A single lure was fastened to the center of the hook just above the top of the sticky panels. An inverted clear plastic plate (24 cm in diameter) was then threaded onto the wire and positioned above the lure to provide a protective covering. This trap design was chosen because our previous field comparisons indicated that sticky traps captured more X. glabratus than comparably baited Lindgren funnel traps (Kendra et al. 2012c) .
Field Test. A 12-wk field trial was conducted from 11 April to 3 July 2013 to compare relative attraction and longevity of the lures. The test was deployed at Highlands Hammock State Park (27 27 0 970 00 N, 81 33 0 652 00 W) in Sebring, FL (Highlands County). This site contained numerous swampbay trees, including healthy specimens and trees symptomatic of various stages of laurel wilt. The test followed a randomized complete block design, with five replicate blocks arranged in a rectangular grid. Each block consisted of a row of traps hung 1-1.5 m above ground (Brar et al. 2012 ) in nonhost trees. There was a minimum spacing of 10 m between adjacent traps within a row, and 30 m spacing between rows. In addition to the three lure treatments, the test included an unbaited control trap to assess random background captures. Traps were checked weekly, and at each sampling date, the sticky panels were collected and replaced and the trap positions were rotated sequentially within each row (block). This latter step resulted in three full rotations of each treatment through each of the field positions within a block, thereby minimizing positional effects on beetle capture (e.g., traps located close to the foci of beetle emergence tend to capture more, regardless of treatment).
After collection, samples were sorted under a dissecting microscope in the laboratory at the USDA-ARS Subtropical Horticulture Research Station (SHRS), Miami, FL. All species of Scolytinae were removed from the sticky panels, soaked briefly in histological clearing agent (Histo-Clear II; National Diagnostics, Atlanta, GA) to remove adhesive, and then stored in 70% ethanol. Beetles were identified by the authors (M.D. and P.K.), according to Rabaglia et al. (2006) , but they also included Xyleborus bispinatus Eichhoff, a species recently recognized as distinct from Xyleborus ferrugineus (F.) in south Florida (Atkinson et al. 2013) .
Experimental Insects. Beetles used in the field cage experiments were host-seeking females collected at Highlands Hammock State Park, adjacent to the site of the field trial. Female X. glabratus, which have peak flight from 17:30-19:30 h (EDST) in south Florida (Kendra et al. 2012a) , were collected using a baiting method described previously (Kendra et al. 2012b ). In summary, freshly cut Persea wood was placed in the center of a cotton sheet, and several essential oil lures (manuka, cubeb, or both) were suspended from a tripod $1 m above the sheet. At regular intervals, fresh wood bait was added and the lures were fanned, generating an attractive pulsed plume of host-based odors. As beetles landed on the sheet, they were collected by hand with a camel hair brush, placed into plastic storage boxes containing moist tissue paper, and held overnight for use in cage experiments the next morning.
Field Cage Bioassays. A series of no-choice trapping tests were conducted in an outdoor cage from June to November 2013 to estimate capture efficiency of the cubeb and manuka lures (phoebe lures were not evaluated; the last of our lures were deployed in the field test). Cage tests were conducted at Archbold Biological Station (27 10 0 812 00 N, 81 21 0 143 00 W) in Lake Placid, FL, using a portable screened enclosure (large greenhouse cage; BioQuip, Rancho Dominquez, CA) placed in a shaded protected location. The cage was a self-standing cube, 1.83 m on each side, and included a floor panel; thus, it was a complete enclosure that prevented escape of test insects and entry of potential predators. For each test, a single trap and lure combination was suspended (1 m above ground) from a tripod positioned at one of three equally spaced marks on the cage floor (forming an equilateral triangle). Fifty female X. glabratus were then introduced on a moist filter paper disk (15 cm in diameter; Whatman Intl. Ltd., Maidstone England) placed on the second mark. At the third mark, there was placed a bowl (30.5 cm in diameter) of moist soil topped with Spanish moss (Tillandsia usneoides L.) to provide water and refugia for the beetles. After 7 d, the sticky panel was collected to determine the percentage of females captured (recovered), the bowl of soil and moss was discarded, and the cage was vacuumed to remove the remaining beetles. For each lure treatment, the test was replicated six times, using a new lure for each replicate. Positions used for lure placement, beetle release, and refugia were rotated with each replicate run (resulting in two full rotation cycles) to reduce positional effects on beetle response.
Chemical Collection and Analysis. Cubeb and manuka lures (three replicates of each) were attached to four-funnel Lindgren traps (BioQuip) and aged outdoors in an orchard at SHRS for 12 wk (May-August 2013). At regular intervals, lures were brought into the laboratory for chemical analysis. Immediately after sampling, lures were returned to the field and positions were rotated (comparable to the field test protocol) to minimize potential positional effects on chemical emissions. Volatile chemicals were collected from the lures using collector traps with super-Q as the adsorbent (Analytical Research Systems, Gainesville, FL), according to published methods (Heath and Manukian 1992; Heath et al. 1993; Niogret et al. 2011b Niogret et al. , 2013 . Lures were placed in a cylindrical glass chamber (10 cm in diameter and 44 cm in length), purified air was maintained at a flow rate of 1 liter per min, and headspace volatiles were collected for 15 min. Collector traps were cleaned by Soxhlet's extraction using methylene chloride for 24 h and dried in a fume hood prior to each use. Volatile chemicals were eluted from the super-Q adsorbent using 200 ml of high-purity methylene chloride (99.5% pure; ACROS, Morris Plains, NJ). An aliquot of C 16 standard (5 mg) was added to each sample for quantitative analysis.
Chemical extracts were analyzed by gas chromatography (ThermoQuest Trace GC C for 4 min. Chemicals were identified using the NIST Mass Spectral Program version 2.0d and NIST/EPA/NIH mass spectral library (NIST11) when reverse matches and matches were >950 and >900%, respectively.
For each terpenoid of interest, the Kovats Retention Index (RI) was calculated based on separation on the DB-5MS column. To verify chemical identifications generated by the mass spectral library, the RI values of sample peaks were compared with the RI values obtained from synthetic chemicals (when commercially available) or with previously published data obtained with comparable GC methods. Synthetic chemicals consisted of eucalyptol (RI ¼ 1045; Fluka Analytical, Steinheim, Germany), a-cubebene (RI ¼ 1358; Bedoukian Research Inc., Danbury, CT), a-copaene (RI ¼ 1391; Fluka Analytical), and a-humulene (RI ¼ 1477; Sigma Chemical Co., St. Louis, MO). Identification of calamenene was based on comparison of RI value (1538) with previously published data (Ibrahim et al. 2010) .
Statistical Analysis. One-way analysis of variance (ANOVA) was used to test the effect of lure treatment on captures of X. glabratus and nontarget Scolytinae; significant ANOVAs were then followed by mean separation with the Tukey test (P < 0.05; Systat Software 2010). Regression analysis (Systat Software 2010) was used to document release rates of volatile terpenoids from cubeb and manuka lures, and analysis by t-test (Systat Software 2010) was used for comparisons of factors with two levels. When necessary, data were square root (x þ 0.5)-transformed to stabilize the variance prior to analysis. Unless otherwise noted, results are presented as mean 6 SEM; probability was considered significant at a critical level of a ¼ 0.05.
Results
Field Test. There were differences in mean capture of female X. glabratus among the treatments evaluated in the 12-wk field test (F ¼ 31.055; df ¼ 3, 16; P < 0.001). Traps baited with cubeb bubble lures caught significantly more beetles than any other treatment (Fig. 1A) . Phoebe-baited traps caught the next highest number, and mean captures with manuka lures were not significantly different than random captures with unbaited control traps. Examination of weekly captures of X. glabratus (Fig. 1B) indicated that there was no difference in captures between cubeb and manuka lures at 3 wk (t ¼ 1.165; df ¼ 8; P ¼ 0.277); however, by 4 wk, captures with manuka were less than captures with cubeb (t ¼ 2.451; df ¼ 8; P ¼ 0.040). By 5 wk, captures with manuka lures were no different than those observed with the unbaited controls (t ¼ 2.092; df ¼ 8; P ¼ 0.070). In contrast, traps baited with either cubeb or phoebe lures captured a significant number of X. glabratus throughout the 12-wk test, revealing a second peak in flight activity (Fig. 1B) . Captures with cubeb and phoebe lures were comparable up to 7 wk (t ¼ 1.699; df ¼ 8; P ¼ 0.128), but by 8 wk, phoebe lures caught fewer beetles than cubeb lures (t ¼ 3.615; df ¼ 8; P ¼ 0.007). Highest captures of X. glabratus with cubeb lures were observed 10 wk after trap deployment, and captures were significantly higher than those of the control trap for every week of the test, including Week 12 (t ¼ À5.223; df ¼ 8; P < 0.001).
The field test also indicated that there were differences in mean capture of nontarget species of Scolytinae among the treatments (F ¼ 29.527; df ¼ 3, 16; P < 0.001). Traps baited with either cubeb or phoebe lures caught more non-target beetles than either manuka-baited or unbaited traps ( Fig. 2A) , and the inspection of weekly captures (Fig. 2B) shows that most nontargets were caught within the first 8 wk of the test. At least 16 scolytine species (Hypothenemus were not identified to species level) were caught with essential oil lures, with the majority from within the tribe Xyleborini (Table 1) . After X. glabratus, the most abundant species were Ambrosiodmus devexulus (Wood), Xyleborinus andrewesi (Blandford), and Xyleborus bispinatus Eichhoff. Although most species were encountered in low numbers, collectively the nontarget Scolytinae comprised a significant proportion of the captures, making up 45.3, 34.6, and 26.6% of the trap catch with phoebe, manuka, and cubeb lures, respectively.
Field Cage Bioassays. The number of X. glabratus captured after 7 d in the field cage was low for both lures. With manuka lures, capture of released beetles ranged from 2 to 32%, with a mean value of 20.2 (6 4.2)%. Capture with cubeb lures was slightly higher, ranging from 12 to 40%, with a mean of 28.5 (6 3.9)%, but the difference was not statistically significant (t ¼ À1.426; df ¼ 10; P ¼ 0.184).
Analysis of Lure Emissions. Qualitatively, both cubeb and manuka lures emitted detectable levels of the four sesquiterpenes of interest, but emissions of a-copaene and a-cubebene were significantly higher than emissions of a-humulene and calamenene.
Eucalyptol emissions were only detected from the manuka lures.
Release rates of terpenoids were markedly different between the two lures. With the manuka lure, chemical emissions were high initially, but decreased rapidly during the first week of exposure to field conditions. Manuka emissions were best fit by regression with exponential decay models [a-copaene (Fig. 3A) throughout the 12 wk of analysis, decreasing slightly during the last few weeks (Fig. 3-4 insets) . Consequently, cubeb emissions were better modeled with linear equations; however, R 2 values were low due to the flat slopes calculated from the nearly constant release rates [a-copaene (Fig. 3A) : y ¼ 1.20 À 0.008x, R 2 ¼ 0.29; a-cubebene (Fig. 3B) : y ¼ 1.14 À 0.008x, R 2 ¼ 0.27; a-humulene (Fig. 4A) : y ¼ 0.12 À 0.001x, R 2 ¼ 0.22; and calamenene ( Fig. 4B) :
For the four sesquiterpenes in common, emissions during the first week were significantly higher from manuka lures as compared with cubeb lures [a-copaene from manuka ¼ 14.98 6 3.32 mg, from cubeb ¼ 1.16 6 0.14 mg (t ¼ 6.888; df ¼ 34; P < 0.001); a-cubebene from manuka ¼ 10.43 6 2.33 mg, from cubeb ¼ 1.08 6 0.14 mg (t ¼ 6.262; df ¼ 34; P < 0.001); a-humulene from manuka ¼ 0.36 6 0.08 mg, from cubeb ¼ 0.10 6 0.01 mg (t ¼ 3.219; df ¼ 34; P ¼ 0.003); calamenene from manuka ¼ 1.91 6 0.55 mg, from cubeb ¼ 0.08 6 0.01 mg (t ¼ 3.335; df ¼ 34; P ¼ 0.002)]. However, during the interval from 28 to 42 d (Fig. 3-4 insets), which coincided with the period when manuka lures lost efficacy in the field test (Fig. 1B,  4 -6 wk), sesquiterpene emissions were significantly higher from cubeb lures [a-copaene from manuka ¼ 0.05 6 0.01 mg, from cubeb ¼ 1.01 6 0.15 mg (t ¼ À7.981; df ¼ 22; P < 0.001); a-cubebene from manuka ¼ 0.01 6 0.01 mg, from cubeb ¼ 0.96 6 0.14 mg (t ¼ À8.114; df ¼ 22; P < 0.001); a-humulene from manuka ¼ 0.00 6 0.00 mg, from cubeb ¼ 0.13 6 0.03 mg (t ¼ À5.276; df ¼ 22; P < 0.001); calamenene from manuka ¼ 0.02 6 0.01 mg, from cubeb ¼ 0.09 6 0.02 mg (t ¼ À2.574; df ¼ 22; P ¼ 0.017)].
Discussion
To date, seven essential oils have been evaluated as field attractants for X. glabratus, and the three most effective baits have been phoebe, manuka, and cubeb oils (Kendra et al. 2014b ). However, due to the scarcity of source trees for phoebe oil, only the latter two are used for production of commercial lures today. As shown in the current field test, and in a series of published trials conducted by our group (Kendra et al. , 2012c (Kendra et al. , 2014b and by others (Brar et al. 2012 , Hanula et al. 2013 , the efficacy of manuka lures is variable and typically short-lived (as little as 2 wk in some tests). In contrast, the newly developed cubeb lures have been shown to retain their attractiveness significantly longer, capturing X. glabratus for 8 wk in initial evaluations (Hanula et al. 2013 , Kendra et al. 2014b , and for 12 wk in the current test and in another one recently completed (P.E. K. et al. unpublished ). These results demonstrate that cubeb lures are as good or better than the (previous) phoebe lures, and significantly better than the currently used manuka lure for detection of X. glabratus. In addition, cubeb oil is readily available from multiple sources in Asia, making production costs of the cubeb bubble less expensive than those required for the manuka lure.
The chemical analyses indicated that both cubeb and manuka lures release the four sesquiterpenes correlated with attraction of X. glabratus to host Lauraceae (Kendra et al. 2014a) . Therefore, the superior performance of cubeb lures relative to manuka lures is likely due primarily to differences in release rates of those attractants, and not major differences in chemical composition of the oils. The manuka lure consists of a flat rectangular card soaked in 4 ml of oil and sealed in a thin tight-fitting plastic sleeve. This design has a very large surface area-to-volume ratio, which contributes to rapid elution of volatile terpenoids, particularly under conditions of high temperature and heavy rainfall (as found in Florida during the summer months). As a result, manuka lure emissions were best modeled by exponential decay equations. The cubeb lure actually contains less oil (2 ml) sealed within a nearly spherical plastic bubble, a design with a much lower areato-volume ratio. In addition, the bubble is constructed of a thicker plastic membrane, which provides further regulation of release rate. Although the distilled cubeb oil has much higher a-copaene content than manuka oil ($5 times more; Hanula et al. 2013 ), initial release rates of a-copaene and other sesquiterpenes were significantly higher from the manuka lure. However, after several weeks in the field, manuka lures were depleted of oil (the plastic sleeves were stuck firmly to the inner cards), terpenoid emissions dropped to trace levels, and there was loss of attraction. In sharp contrast, sesquiterpene emissions from cubeb lures were sustained at a low but relatively constant level, beetles were captured throughout the 12-wk test, and oil was still visible in the bubble reservoir at the test's completion. The chemical quantification also indicated that these sesquiterpenes are detectable by female X. glabratus at very low levels, a finding consistent with previous analyses of emissions from phoebe oil lures (Kendra et al. 2012c) . Although emissions from the manuka lure were much higher initially, this was not correlated with higher captures of X. glabratus, perhaps dispersing Lawrence and Newton (1995). females are repelled by very high levels of sesquiterpenes, and only attracted to doses consistent with the levels naturally encountered in nature (as emitted from host trees).
As with other essential oil lures, the cubeb bubble releases a complex mixture of host-based kairomones that are not specific in attraction. All three lures tested in this study captured a variety of nontarget bark and ambrosia beetles, necessitating time-consuming sorting and identification in the laboratory. Numerically, cubeb lures caught more non-target beetles than manuka lures, but X. glabratus comprised a higher percentage of the trap catch with cubeb lures (73.4%) than with manuka lures (65.4%). Nonetheless, the high captures A B Fig. 3 . Emissions of (A) a-copaene and (B) a-cubebene quantified over time from commercial essential oil lures fielddeployed for 12 wk in south Florida. of non-target Scolytinae with essential oils may compromise their utility for development of attract-and-kill (bait station) systems for suppression of X. glabratus. Identification of more specific attractants may be needed for that purpose.
The field cage bioassays revealed another shortcoming of the trap-lure combinations. Neither lure was very efficient in attracting females close enough to get caught in the sticky panel, with only 20.2 and 28.5% capture of released beetles with fresh ( 7 d old) manuka and cubeb lures, respectively. These results support field observations made in previous studies (Kendra et al. 2012a,c) ; high numbers of in-flight X. glabratus were collected using our baiting method A B Fig. 4 . Emissions of (A) a-humulene and (B) calamenene quantified over time from commercial essential oil lures fielddeployed for 12 wk in south Florida. Figure insets enhance the scale for emissions beginning at 4 wk, the point at which manuka lures lost efficacy for attraction of X. glabratus. Volatiles were isolated by super-Q collection, analyzed by GC-MS (DB-5MS column), and identified by comparison of Kovats retention indices with synthetic chemicals (a-humulene) or with previously published data (calamenene, Ibramin et al. 2010 ; quantities shown are emissions collected with 15 min adsorption.) ($60 females per day), but low numbers were captured in manuka-baited sticky traps deployed at that same site (<10 females per trap per week with fresh lures). During the live collections, females were frequently observed to fly close to the bait (manuka lures and host Persea wood), but then land on the sheet a distance away and proceed to walk toward the bait. Furthermore, our previous field tests have shown that Lindgren funnel traps capture even fewer X. glabratus than comparably baited sticky traps (Kendra et al. 2012c) , strongly suggesting that the standard monitoring system, manuka-baited funnel traps (Hughes et al. 2014) , may be very inefficient for detection of X. glabratus. This shortcoming, coupled with the limited field life of manuka lures, underscores the critical need for implementation of more effective detection systems.
The location, recognition, and final acceptance of a suitable host by X. glabratus can be viewed as a multistep process that requires a series of cues presented in sequential order (Kendra et al. 2014a and references therein). Thus, it may be possible to develop improved detection systems through novel combinations of appropriate attractant cues. In addition to host-based odors, these could include attractive volatiles from the fungal symbiont (Hulcr et al. 2011) , as a recent study demonstrated that a combination of fungal odors and manuka lures captured more X. glabratus that manuka lures alone (Kuhns et al. 2014b ). Further research is needed to evaluate efficacy of various multicomponent lures, including the cubeb bubble, eucalyptol, and symbiotic fungal odors. In addition, visual cues are known to play a role in the host discrimination process (Mayfield and Brownie 2013) , so it may be possible to increase capture efficiency through improvements in trap design.
In conclusion, research over the past few years has consistently shown that the current monitoring system based on manuka oil lures is suboptimal for detection of X. glabratus. Cubeb bubble lures are less expensive and more effective, with longevity up to three months due to extended low release of attractive sesquiterpenes, primarily a-copaene and a-cubebene. Our results indicate that cubeb bubble lures are the most effective tool currently available for detection of X. glabratus, and should be incorporated into monitoring programs to provide for more sensitive pest detection, particularly in the avocado production areas of south Florida.
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